Monitoring and controlling cavitation offer ways of isolating the role of cavitation in lithotripsy-induced cell damage, Finger cots containing 7 ml of PBSdiluted blood (370 hematocrit) were treated by 100 lithotripter pulses focused by either a conventional rigid reflector or a pressure-release reflector, The rigid reflector produced 7% hemolysis at 18 kV. The pressure-release reflector, which produces an equally strong acoustic pulse but less intense cavitation, produced 1% hemolysis which was indistinguishable from control levels. A passive cavitation detector consisting of two confocal focused transducers operating in coincidence was used to monitor cavitation within each blood sample. With the rigid reflector, each transducer recorded two acoustic emissions, one when preexisting bubbles were collapsed by the positive portion of the Iithotripter pulse and a second when the bubbles, caused to grow by the negative portion of the pulse, underwent inertial collapse. We found that the time between emissions was 25-507. longer in blood than in water. The results appear to indicate that transient cavitation is an important mechanism in Iithotripsy-induced hemolysis, that lithotripter-induced cavitation can he monitored in cell samples, and that bubble dynamics in blood and water are not identical.
INTRODUCTION
Cavitation has been implicated in hemolysis produced in vitro by a lithotripter [1] [2] [3] .
We studid hernolysis in vitro with methods that should be applicable in vivo. First, using a pressure-release reflector, we altered the Iithotripter waveform so that peak pressures and @uency content were maintained but the cavitation producti was reduced [4] . Second, we used dual passive cavitation detection (WD) to monitor cavitation during treatment [5] .
We found evidence that the presence of even modest levels of hematocnt affect bubble dynamics.
EXPERIMENT
Experiments were conducted in a research Iithotripter designed to mimic a Domier~-3 lithotripter. [4] A spark at the internal focus of an ellipsoidal reflector creates a shock wave that is focusti at the extemaf focus F2. Pressurerelease (polyurethane foam) and conventional rigid reflectors were used. Electrical potential was varied from 15-23 kV. Cavitation was monitored by two confocal piezoceramic hydrophores that demti the initial and final acoustic emissions radiated by cavitation bubbles created by the lithotripter pulse, me time between emissions has been used as a relative measure of bubble-collapse intensity and gives a time history of the bubble dynamics.
Dual PCD enables us to localize the cavitation to with a 125-mm3 volume.
Our experimental protocol was as follows. Dilute blood (3% hematocrit) was insonified in finger cots that were carefully tied to avoid trapping air bubbles. Seven-ml samples mived 100 Iithotripter pulses, and 1.5 ml were removed and centrifuged, One ml of supematirrt was diluted 100:1, and the absorptivity at414 nm was measured by a spectrophotometer.
Untreated samples of dilute blood were lysed with a detergent to determine the absoqtivity for 100% hemolysis. Percent hemoglobin rele~was determind as the ratio of absorptivity for each sample to the absorptivity of the chemically -lysed blood. The number or samples N was five for all cases. 11 Figure 1 shows the focal waveforms produced by the rigid reflector and the pressure-release reflector.
Peak pressures and~uency contentc omparable, but the pressure-release reflector suppresses cavitation. = Figure 2 shows the percent hemoglobin release ptiuced by (a) a sham treatment, (b) the pressure-release reflector, and (c) the rigid reflector. The rigid reflector produced 790 hemolysis whereas the pressure-release-reflector and sham results are less than 1YO and do not differ statistically, With the rigid reflector, an increase in charging potential caused an increased in hemolysis. Percent hemoglobin release went from near sham levels at 15 kV to 17% at 23 kV as seen in Fig. 3 . Simultaneously, as seen in Fig. 4 , the duration of the bubble collapse increased from immeasurable at 15 kV to 760 us at 23 kV, Duration and incrhemolysis are correlated, and a distinct cavitation signal could not be detected when minimal hemolysis occurrd. Figure 4 also shows that measurements of bubble durations are shorter in water than in blood at 18, 21, and 23 kV. The difference in durations at 18-23 kV and the lack of signal at 15 kV in blood indicates a differenm in the bubble dynamics between water and even dilute blood. Bubble dynamics were modeled using the Gilmore equation [6] .
Numerical calculations using values of surface tension appropriate for blood did not account for the measured changes in bubble duration.
CONCLUSIONS
We have three conclusions.
One, a reduced-cavitation waveform produd by a pressure-release reflector producd negligible hemolysis.
The result supports arguments that cavitation plays an important role in hemolysis and perhaps other tissue damage, and indicates that a pressure-release reflector may be used to test the role of cavitation in bioeffects. Two, a dual PCD makes it possible to monitor and to detect cavitation in small samples of cells.
Both dud PCD and the pressure-release reflector m devices that can be usd in in vivo experiments.
Three, we find a significant change in the bubble dynamics between water and dilute blood.
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